ABSTRACT The regression method was used in a 14-d broiler chicken study to determine the true ileal digestibility of amino acid (AA) and protein utilization in canola meal (CM, 388 g of CP/kg) without or with added phytase. Experimental treatments consisted of 2 factors, phytase at 2 levels (0 or 1,500 phytase units/ kg) and CM at 3 levels (125, 250, or 375 g/kg). Birds received a standard starter diet from d 1 to 8 and the assay diets from d 8 to 22 posthatch. On d 8, a total of 384 birds were allocated to 6 dietary treatments in a randomized complete block design; excreta were collected from d 12 to 14 and d 19 to 21, and ileal digesta were collected on d 22 posthatch. True ileal indispensable AA digestibility of CM were derived from the regression of AA flow (mg/kg of DM intake) at the terminal ileum against the intake of AA (mg/kg of dietary DM) of birds fed diets without or with phytase.
INTRODUCTION
In the gastrointestinal tract of poultry, major amino acid (AA) absorption takes place in the small intestine, with a significant alteration of AA composition associated with microorganisms in the hindgut (Ravindran et al., 1999) . Because of these factors, it is now accepted that ileal digestibility is a more reliable method for estimating AA utilization than total tract digestibility.
Extensive databases on apparent ileal AA digestibility in poultry have been reported and do not account for the endogenous AA contribution to ileal digesta or excreta. Several approaches have been used to correct this underestimated digestibility in poultry (Adedokun et al., 2007) , with each of these methods having some advantages and disadvantages. Rodehutscord et al. (2004) suggested that the regression method could be used to estimate ileal AA digestibility without separate determination of endogenous AA losses in broilers.
The main storage form of phosphorus in mature oilseeds is phytate (myo-inositol hexakisphosphate), which is distributed uniformly throughout the seed and is unavailable to poultry. Because of the charged phosphate groups on phytate, it has chelating capacity and may form binary (phytate-protein) or ternary (phytatemineral-protein) complexes with protein (Selle et al., 2000) . The formation of these complexes may influence the hydrolysis of phytate and consequently affect digestive release of AA in proteins bound to phytate.
Phytases function to hydrolyze phytate and consequently release phosphorus and other nutrients. The use of supplemental microbial phytase for improving the utilization of indigestible phosphorus bound to phytate has been studied extensively in poultry (Rutherfurd et al., 2002; Jendza et al., 2006; Adeola, 2010) . However, the effect of phytase on protein and AA utilization is equivocal. Several studies have shown that supplementing phytase improves ileal AA digestibility (Yi et al., 1996; Ravindran et al., 2006) , whereas other studies have shown no added effect of phytase on ileal AA digestibility Traylor et al., 2001; Dilger et al., 2004; Onyango et al., 2005) .
Research is limited on the effect of phytase on ileal AA digestibility and protein utilization of canola meal (CM) for broilers. Rodehutscord et al. (2004) found that supplementing phytase did not improve the ileal AA digestibility of CM, as determined by the regression method with practical CP levels (17.0 to 25.6%) in the diets, whereas Newkirk and Classen (2001) reported that purified phytase improved the ileal AA digestibility of broilers fed diets containing pretreated CM. In view of the dearth of data, the current study was designed to determine the effect of phytase supplementation on ileal digestibility of AA and protein utilization in CM for broilers.
MATERIALS AND METHODS
The Purdue University Animal Care and Use Committee approved all bird handling and collection procedures.
Birds and Experimental Diets
Three-hundred eighty-four male broiler chicks (Ross 708, Aviagen, Huntsville, AL) were housed in electrically heated battery cages (model SB 4 T, Alternative Design Manufacturing, Siloam Springs, AR) in an environmentally controlled room. Battery temperatures on d 1 to 8, d 8 to 15, and d 15 to 22 were kept at 35, 32, and 27°C, respectively. All birds received a standard broiler starter diet for 7 d from d 1 to 8. On d 8, chicks were weighed, grouped into 8 blocks by BW, and randomly allocated to 6 dietary groups in each block with 8 birds per cage in a randomized complete block design using the Experimental Animal Allotment Program of Kim and Lindemann (2007) .
Beginning from d 8, the chicks received the experimental diet for 14 d. Experimental treatments (Table  1) consisted of 2 factors, phytase (Phyzyme XP, Danisco Animal Nutrition, Marlborough, UK) at 2 levels [0 or 1,500 phytase units (FTU)/kg] and CM at 3 levels (125, 250, or 375 g/kg), in a 2 × 3 factorial arrangement. One phytase unit (1 FTU) is defined as the quantity of enzyme required to hydrolyze 1 µmol of inorganic phosphorus from an excess of 15 µmol of sodium phytate/min at pH 5.5 and 37°C (International Union of Biochemistry, 1979) . The CM served as the sole source of AA in semipurified diets composed of dextrose, soybean oil, minerals, an indigestible marker, and vitamins.
Sample Collection and Analyses
Individual BW and group feed consumption were recorded at d 8, 15, and 22. Excreta samples were collected twice daily from d 12 to 14 and d 19 to 21. During collection, waxed paper was placed in trays under the cages, and excreta on the paper were collected. The excreta samples were pooled per cage over the 3 d and stored in a freezer at −20°C. On d 22, birds were asphyxiated with carbon dioxide, the distal section of ileum (portion of the small intestine from Meckel's diverticulum to approximately 1 cm anterior to the ileocecal junction) was removed, and contents were gently rinsed with distilled water into plastic containers and stored at −20°C. At the completion of the experiment, excreta samples were thawed, transferred to aluminum pans, and placed in an a forced-air oven at 55°C for 96 h and ground to pass through 0.5-mm screen using a mill grinder (Retsch ZM 100, Retsch GmbH & Co., Haan, Germany). All ileal digesta samples were consequently freeze-dried and ground using a coffee grinder.
Duplicate proximate analyses were performed on diets, excreta, and ileal digesta samples. Dry matter analysis of samples was conducted by drying the samples in a drying oven at 105°C for 24 h (method 934.01; AOAC, 2006) . Aliquots of the diets, excreta, and ileal digesta were analyzed for nitrogen using the combustion method (Model FP2000, Leco Corp., St. Joseph, MI), with EDTA as a calibration standard. Diets and ileal digesta samples were analyzed for AA at the University of Missouri Experiment Station Chemical Laboratory in Columbia [method 982.30 E (a, b, c); AOAC, 2006] . Samples for AA analysis were prepared using a 24-h hydrolysis in 6 N hydrochloric acid at 110°C under an atmosphere of nitrogen. For Met and Cys, performic acid oxidation was done before acid hydrolysis. Samples for Trp analysis were hydrolyzed using barium hydroxide. Amino acids in hydrolysates were determined by HPLC after postcolumn derivatization. Chromium concentrations in the diets, ileal, and excreta samples were determined using the method of Fenton and Fenton (1979) .
Calculations
Protein intake (PI, g/bird), protein gain (PG, g/ bird), protein efficiency ratio (PER, g/g), or net protein utilization (NPU, g/g) was calculated using the following equations: Cr d is the concentration of chromium in the diet (g/kg of DM intake), Cr e is the concentration of chromium in the excreta (g/kg of DM output), CP e is the concentration of CP in the excreta (g/kg of DM output), and BWG is the weekly BW gain (g/bird).
Amino acid flows (mg/kg of DM intake) at the terminal ileum (IAAF) in broiler chickens fed the experimental diets containing CM at levels of 125, 250, or 375 g/kg without or with added phytase were calculated using the following equation:
where IAAF is the ileal AA flow (mg/kg of DM intake), Cr i is the concentration of chromium in the ileal digesta (g/kg of DM output), and N i is the concentration of the nutrient in the ileal digesta (g/kg of DM output). In each block, the slope was generated from the regression of IAAF (mg/kg of DM intake) against the intake of AA (mg/kg of diet DM) of birds fed diets without or with phytase using the Slope function of Microsoft Office Excel 2007 (Microsoft Corp., Redmond, WA). True ileal digestibility (TID, %) of AA was calculated as TID = (1 − slope) × 100.
Statistical Analysis
Data were analyzed as a 2 × 3 factorial of enzyme (0 or 1,500 FTU/kg) and CM (125, 250, or 375 g/kg) in a randomized complete block design using the GLM procedure of SAS (SAS Institute, 2006) . Because there were 3 cages of birds fed 125, 250, or 375 g of CM/kg in each block and 8 blocks per enzyme level (0 or 1,500 FTU/kg), the TID from the slope data were analyzed as a one-way ANOVA in a randomized complete block design using TID as the dependent variable and enzyme level as the independent variable. In this analysis, a block of 3 cages served as the experimental unit.
RESULTS
The CM used in the current study contained 388 g of CP/kg ( Table 2) . The analyzed DM, CP, GE, phosphorus, and phytase activity of the 6 diets used in the current study are presented in Table 3 . The analyzed phytase activity in diets formulated to contain 1,500 FTU/kg ranged from 1,367 to 1,895 FTU/kg of diet. The analyzed CP, gross energy, and phosphorus were close to formulated values. As expected, BWG, FI, PG, and PI increased linearly (P < 0.001) as the CM level increased from 125 to 375 g/kg regardless of phytase supplementation (Table 4) . Interactions (P < 0.01) were observed between phytase addition and CM level in BWG, FI, PG, PI, and NPU, except for FI, PG, and NPU from d 8 to 15, whereas no interaction was observed for PER. Protein efficiency ratio was affected (P < 0.05) by phytase supplementation from d 8 to 15, whereas phytase supplementation had no effect on protein efficiency from d 15 to 22 posthatch.
The IAAF increased linearly (P < 0.001) with increasing levels of CM from 125 to 375 g/kg regardless of phytase supplementation (Table 5) . Table 6 shows the TID of indispensable AA derived from the regression of IAAF against the intake of AA of birds fed diets without or with phytase. In diets without added phytase, TID of indispensable AA ranged from 63.0 (Thr) to 84.3% (Trp). The regression-derived TID of indispensable AA in CM with added phytase were in the range of 65.2 (Thr) to 83.7% (Met). Phytase did not significantly affect the TID of any of the indispensable AA.
DISCUSSION
Analyzed CP content of CM used in this study was found to be 388 g/kg, which is similar to the 380 g of CP/kg of CM reported in NRC (1994) .
Because the linear regression approach was used to determine TID of AA in this study, a relatively low level of CM incorporation, which consequently led to a low level of CP in diets, was essential for generating reliable data. Therefore, during the period of feeding the experimental diets to attain the objective of determining the ileal AA digestibility and the total tract protein utilization of CM, depressed growth performance was expected for birds fed diets containing 125 g of CM/kg. Different methods have been used to determine the ileal AA digestibility of CM (Rodehutscord et al., 2004; Adedokun et al., 2008; Woyengo et al., 2010) . Rodehutscord et al. (2004) used a regression method to determine ileal AA digestibility of solvent-extracted rapeseed meal fed to 21-d-old broiler chicks. They described how calculated slopes of the regression lines could be interpreted as ileal digestibility of AA without correction for endogenous AA losses. Kluth and Rodehutscord (2009) showed that enhanced levels of cellulose could lead to increased endogenous AA losses at the terminal ileum in broilers. Because the effect of fiber on endogenous AA losses was already considered in the regression method, it did not need to be accounted for further. Rodehutscord et al. (2004) also demonstrated that 3 instead of 5 inclusion levels of CM were sufficient for the regression approach.
The TID of indispensable AA of CM without phytase supplementation determined by the regression method in the current study ranged from 63.0 (Thr) to 83.7 (Met). This result was lower by 9 (Arg) to 21% (Lys) than that in the study by Rodehutscord et al. (2004) , which used the regression method to determine ileal AA digestibility (Table 7) . This difference is difficult to explain, but we assume that the difference in details of the methodology could be responsible, in part, for the differences. In the study by Rodehutscord et al. (2004) , corn and wheat gluten meal were used as additional protein sources to obtain higher dietary CP levels than those used in the current study, whereas CM was the sole source of CP in the current study, with the CP level varying across the diets (5.2 to 15.5%). In addition to CP level, different plant protein sources contributed to the variation in fiber intake. This difference might affect endogenous AA losses of chicks and consequently ileal AA digestibility (Kluth and Rodehutscord, 2009 ). Different processing plants for CM also might be the reason for different AA digestibilities. The effect of phytase on ileal AA digestibility and protein utilization has been inconsistent. Some studies have shown an improvement in ileal AA digestibility in broilers fed diets with phytase (Ravindran et al., 1999; Rutherfurd et al., 2002) , whereas other experiments have reported no significant improvement in digestibility (Zhang et al., 1999; Peter and Baker, 2001; Rodehutscord et al., 2004 ). In the current study, we used a high level of phytase (1,500 FTU/kg) in an attempt to increase the magnitude of ileal AA digestibility and protein utilization responses to phytase. To confirm phytase activity in diets fed to birds during the study, total tract retention of phosphorus in diets with phytase added at 1,500 FTU/kg was higher (P < 0.001) than in diets without added phytase (33.0 vs. 55.4% from d 12 to 14, and 52.4 vs. 61.4% from d 19 to 21). Although phytase supplementation numerically increased TID of indispensable AA, no statistical significant difference was observed between diets with and without phytase supplementation. Rodehutscord et al. (2004) reported that ileal AA digestibility determined by linear regression was not affected by phytase supplementation, whereas Rutherfurd et al. (2002) found significant increase in ileal AA digestibility of CM for broilers. Leeson and Summers (2001) reported that the PER assay with 10% CP of the diet would have the highest sensitivity for detecting differences in protein utilization. We compared the PER at 250 g of CM/kg (approximately 10% CP) without or with phytase supplementation. From d 8 to 15, the PER was improved (P = 0.015) by the main effect of phytase, whereas no main effects of phytase on PER were observed for any other period in the current study. This result was consistent at 250 g of CM/kg of diet (10% CP diet), with PER being greater (P = 0.002) when phytase was added at 1,500 FTU/kg than in the diet without added phytase. Boling-Frankenbach et al. (2001) conducted a broiler study in which they used CM as the sole protein source to provide 10% CP in diets from d 8 to 17 and reported no effect of phytase on the PER of CM in broilers. The reason for the different results between current study and their study is unknown, but we assume that it might be associated, at the least, with the different types of diets. In their study, the effect of phytase on PER was evaluated in diets varying in levels of calcium (1.21 or 1.0%) and nonphytate phosphorus (0.72 or 0.45%), whereas the diets in the current study did not meet the NRC (1994) requirement for calcium (3.2 g/kg) or nonphytate phosphorus (0.8 g/kg). Phytase effect, P = 0.002. Yi et al. (1996) reported that the effect of phytase on BW gain was dependent on dietary level of nonphytate phosphorus in diets fed to turkey poults from d 1 to 29. The efficacy of phytase in improving protein utilization has presented a conflicting base of information, with some investigators observing small, significant improvements in AA digestibility and protein utilization (Yi et al., 1996; Ravindran et al., 1999; Cowieson et al., 2006 ) and other researchers not consistently seeing statistical improvements in the AA digestibility response to phytase (Zhang et al., 1999; Peter and Baker, 2001; Traylor et al., 2001; Augspurger and Baker, 2004; Onyango et al., 2005; Sands et al., 2009) . It was hypothesized that a relatively high-phytate ingredient such as CM in a low-protein diet would increase the chance of detecting an improvement in ileal AA digestibility and protein utilization. Phytate (myo-inositol hexakisphosphate) is the main storage form of phosphorus in mature oilseeds, and it is uniformly distributed throughout the seed. The charged phosphate groups on phytate have a chelating capacity, which may form binary (phytate-protein) or ternary (phytate-mineral- Table 5 . Amino acid flows (mg/kg of DM intake) at the terminal ileum in broiler chickens fed the experimental diets containing canola meal levels at 125, 250, or 375 g/kg without or with added phytase protein) complexes with protein (Selle et al., 2000) . Hydrolysis of the complexes by phytase is expected to release AA in proteins bound to phytate in addition to phosphate. During the period between d 15 and 22 posthatch, indices of protein utilization in PER and NPU were not affected by phytase supplementation. Furthermore, phytase had no effect on the regressionderived TID of indispensable AA. This is consistent with previous reports of a lack of ileal AA digestibility response to phytase supplementation in poultry and pigs (Dilger et al., 2004; Liao et al., 2005; Woyengo et al., 2008) . However, from d 8 to 15, birds fed the diet with 250 g of CM/kg showed improved PER with phytase inclusion at 1,500 FTU/kg. This improvement in PER could be associated with an increase in BWG as a result of increased phosphorus availability because of phytase supplementation rather than increased protein digestibility. The current study showed that PER was affected by phytase supplementation from d 8 to 15, whereas phytase supplementation had no effect on protein efficiency from d 15 to 22 posthatch. The addition of microbial phytase (1,500 FTU/kg of diet) did not influence TID of AA in CM for broiler chickens, as determined by the regression method. 
